By means of a stepwise selection procedure, mutants capable of growing in the presence of relatively high multiplicities of a bacteriocin from Streptococcus mutans GS-5 were obtained from a sensitive strain of Streptococcus pyogenes. Mutacin-neutralizing activity of cell extracts containing receptor protein was examined in one variant that adsorbed V6 the amount of bacteriocin adsorbed by the parent strain under conditions equivalent to "saturation." Partially purified receptor protein from both parent and mutant cells neutralized an equivalent amount of bacteriocin on a weight-to-weight basis, indicating that in vitro there was no significant difference in affinity for the mutacin between the respective receptor fractions. Cell extracts from the mutant, solubilized by treatment with trichloroacetic acid, neither neutralized mutacin activity nor interfered with receptor protein-mediated mutacin neutralization in vitro. The mutant phenotype may thus represent a cell surface density of receptor protein which results in the adsorption of sublethal amounts of mutacin. The mutant retained its sensitivity to other mutacins, e.g., those produced by strains LM-7 and BHT of S. mutans, and did not differ from wild-type cells with respect to either detergent sensitivity (sodium lauryl sulfate and Triton X-100) or to inhibition by penicillin, rifampin, bacitracin, erythromycin, and tetracycline.
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Several strains of Streptococcus mutans produce bacteriocin-like substances which have been designated as mutacins (7) . The mutacin elaborated by a serotype c strain, GS-5, is a 20,000-dalton protein which is bactericidal for streptococci representative of Lancefield groups A, C, D, G, L, and 0 (13). Exocellular synthesis of this mutacin is noninducible (13) , occurs at the end of exponential growth (13) , and in liquid media may be enhanced by the presence of unidentified thermolabile and dialyzable substances (4).
A surface glycoprotein, which may be analogous to bacteriocin receptor substances found in other organisms (1, 3, 10, 12) , has been isolated from a sensitive strain of Streptococcus pyogenes (14) . Although it has been shown that other surface polymers such as the group and type antigens do not affect adsorption of this mutacin (13) , nothing is known about the initial steps in mutacin-cell interaction or the causal basis for cell death. The identity of a "target" entity in sensitive cells remains obscure.
One approach to resolving some of these questions is to examine the range of phenotypic modifications that alter the susceptibility of sensitive cells. To this end, I have isolated a number of mutants derived from a sensitive strain of S.
pyogenes. In this paper some properties of one of these variants are described.
MATERIALS AND METMODS
Organisms. The bacteriocin-sensitive parent strain (MJP-2) is a beta-hemolytic group Cell-free supernatants obtained after 10 min of centrifugation at 10,000 x g were then incubated with 1 ml containing 1Qt colony-forming units of mid-exponential-phase cells for 30 min, and the decrease in killing activity was determined by plating appropriate dilutions. The mutacin-neutralizing activity of cell-free extracts was assayed in a similar way except that the volume of reaction mixtures was 0.5 ml and they were not centrifuged before addition of indicator celLs for the determination of residual activity.
RESULTS
Isolation of mutants. The survival curves shown in Fig. 1 depict the protocol used for the selection and isolation of mutant S4780, the properties of which are presented herein. The data suggest that survival in the presence of increasing amounts of mutacin GS-5 requires several mutational steps, each of which results in a relatively small loss of susceptibility. Furthermore, a sizeable proportion (80 to 85%) of the colonies isolated from plates containing mutacin at less than 10 KU per cell did not grow when transferred to broth containing the same concentration of bacteriocin. This finding is similar to that observed with colonies growing within inhibition zones formed by stab cultures of S. mutans GS-5 when the classic agar overlay technique (6) was used. The differential susceptibility of agar-and broth-grown cells to bacteriocins has been noted in other systems (8) and may also obtain for S. pyogenes and this muta- 5 mutacin. An overnight culture of dicate points at which populations of colonies were S4780 was diluted 1:10 in 100 ml ofAPTprewarmed picked for isolation of the next step mutant. S4780 at 37°C; after 2 h, the culture was divided into 25-ml was a colony found on plates containing GS-5 muta-subcultures containing no mutacin (control) and mucin at multiplicity of 80 KUper cell.
tacin at indicated multiplicities. Cell mass was monitored by measuring the adsorbance ofsampks at 600
in Fig. 2 (Fig. 3) . These assays also indicate that 1.5 x 107 KU of mutacin can be neutralized by 8 0.F parent and mutant cells were assayed for mutacin-neutralizing activity, inactivation curves exemplified by the data in Fig. 4 were obtained with four independent sets of extracts. When assayed for proteolytic activity by methods described by others (14) , both wild-type and mutant extracts were negative.
Neutralization of mutacin with columnpurified extracts. To determine whether the disparity described above was due to some intrinsic difference in the affinities of wild-type and mutant receptor protein for the mutacin, the sonic extracts were fractionated by sieve chromatography as depicted by the elution profiles shown in Fig. 5 . Mutacin-neutralizing activity was found at identical positions (equivalent to an Mr of 9 x 104 to 10 x 104 as suggested by precalibration of the column with molecular weight standards), and the pooled fractions from each represented a sixfold increment in specific activity, although the total amount of receptor recovered from the mutant extract was less than that for the wild type. When these fractions were compared for neutralizing activity, no significant differences were observed (Fig. 6) (11) . A third possibility, particularly interesting because several rounds of selection were required to obtain such a mutant, is that the phenotype exemplified by S4780 is a combination of changes, some of which include reduced surface density of receptor as well as abnormalities involving other moieties affected by mutacin-cell interaction.
All of the seven other isolates capable of growing in liquid media containing the mutacin at 80 400 1 KU per cell adsorbed as much bacteriocin as the parent strain. This observation, together with 9 protein) other features (which will be detailed in separate tivity of column-communications), suggests that the isolates consing receptor ac-form to the commonly accepted definition of oled, and diluted tolerance. When a number of the isolates capaeutralizing activ-ble of growing only at lower bacteriocin concen-
